Background {#Sec1}
==========

More than 30 million U.S. adults have diabetes \[[@CR1]\], with 90--95% being type 2 diabetes \[[@CR2]\]. In addition, the Centers for Disease Control and Prevention (CDC) estimates as many as 84.1 million U.S. adults, more than 1 in 3, have prediabetes \[[@CR1]\]. According to the American Diabetes Association (ADA), prediabetes is defined as blood glucose levels that are elevated, though not high enough to be diagnosed as type 2 diabetes \[[@CR3]\]. Prediabetes can lead to type 2 diabetes, heart disease, and stroke; however, it is reversible. Multiple studies have demonstrated that lifestyle change programs are effective in preventing or delaying the onset of type 2 diabetes \[[@CR4]--[@CR9]\].

The Diabetes Prevention Program (DPP) randomized clinical trial, initiated in 1996, found that a yearlong intensive lifestyle intervention aimed at reducing risk through healthy eating, physical activity, and stress reduction helped participants lose 5--7% of their body weight and reduce the risk of developing type 2 diabetes by 58% among high risk adults aged ≥ 25 and 71% for those aged ≥ 60 \[[@CR10]\]. Since the DPP research study, many translational studies have shown that the structured lifestyle intervention is effective and feasible in community settings to prevent or delay the incidence of type 2 diabetes among people at high risk \[[@CR11]--[@CR18]\]. However, large-scale implementation in the U.S. had not been attempted. In order to do this, a coordinated national effort was needed to increase the supply of quality programs, demand for the program among people at risk, referrals from healthcare providers, and coverage among public and private payers \[[@CR19]\].

In response to this need, CDC established the National DPP---a partnership of public and private organizations working to reduce the burden of type 2 diabetes by building the infrastructure for nationwide delivery of the evidence-based lifestyle change intervention (LCI) \[[@CR19]\]. The National DPP LCI is a yearlong, structured lifestyle intervention consisting of a minimum of 16 weekly sessions about an hour in length in months 1--6 and a minimum of 6 monthly sessions about an hour in length in months 7--12 \[[@CR20]\]. To assure quality and fidelity to scientific evidence, CDC also established the Diabetes Prevention Recognition Program (DPRP), the quality assurance arm of the National DPP. Through the DPRP, CDC recognizes organizations that successfully deliver the yearlong LCI consistent with DPRP Standards and Operating Procedures (Standards) \[[@CR20]\]. CDC develops and updates its Standards based on current evidence in the literature, analyses of organizational outcome data, and input from public stakeholders, including organizations delivering the LCI. The DPRP provides technical assistance to delivery organizations and evaluation reports on organizational outcomes linked to the Standards. Additional information about delivery of the National DPP LCI is described elsewhere \[[@CR20], [@CR21]\]. CDC grants pending recognition to organizations that have successfully applied to the DPRP, agreeing to use a CDC-approved curriculum and adhere to the specified intensity and duration of the LCI \[[@CR20]\]. CDC full recognition is granted to organizations that have implemented the National DPP LCI for at least 12 months and achieved the outcomes described in the Standards \[[@CR20]\].

Evaluation of the first 4 years of the program, describing the experience of 14,747 participants, found an average weight loss of 4.2%, with 35.5% of participants achieving ≥ 5% weight loss \[[@CR21]\]. In addition, the study found that better retention in the program, with more sessions attended and longer duration from first to last session, resulted in a higher percent of weight loss overall and within subgroups, with a median weight loss of 6% among the 34.6% of participants who attended 17 or more sessions and remained in the program for 7 or more months \[[@CR21]\]. Similarly, findings from a 2009 cluster randomized trial of 43 general practices in the United Kingdom (UK) showed that remaining in a type 2 diabetes prevention lifestyle change program was associated with improvements in fasting and 2-h glucose, glycated hemoglobin (HbA1c), weight loss, waist circumference, anxiety, quality of life, and daily step count \[[@CR22]\]. A systematic review of translational studies and practical implementation trials of the DPP research study over the last 15 years worldwide also showed that program intensity played a major role in weight loss outcomes \[[@CR23]\]. A meta-analysis of randomized clinical trials assessing long-term sustainability of the DPP LCI showed that weight loss was the key factor associated with a delay in type 2 diabetes progression; specifically, every kilogram of weight lost was associated with an additional 7% risk reduction \[[@CR24]\]. Despite consistent findings on the effectiveness of the DPP LCI in preventing or delaying onset of type 2 diabetes \[[@CR10]--[@CR18], [@CR22]--[@CR24]\], there is limited evidence on implementation of the National DPP LCI in real-world settings where people live, work, play, and worship.

In 2012, CDC funded six U.S. national organizations through a 5-year cooperative agreement (*National Diabetes Prevention Program: Preventing Type 2 Diabetes Among People at High Risk* (1212)) to scale and sustain multistate networks to deliver the structured, evidence-based LCI consistent with DPRP Standards in communities nationwide. Funding for the cooperative agreement was allocated based on the organizations' capacity to reach large numbers of people at risk in multiple states, while working to also obtain health benefit coverage by employers and insurers \[[@CR25]\]. The funded national organizations were the American Association of Diabetes Educators, America's Health Insurance Plans, the Black Women's Health Imperative, the National Association of Chronic Disease Directors, Optum HealthCare Solutions, and the YMCA of the U.S.

Funded organizations participated in a CDC-led national evaluation of their program implementation to identify promising practices for scaling and sustaining the National DPP. The evaluation was designed using the Reach, Effectiveness, Adoption, Implementation, and Maintenance (RE-AIM) \[[@CR26]\] framework. RE-AIM was originally developed by Glasgow, et al. for consistent reporting of research results and later expanded to literature reviews, with particular attention on how to organize study findings on health promotion and disease management in different settings \[[@CR27], [@CR28]\]. The RE-AIM framework has been widely used to help guide the translation of research into practice and to help understand the efficacy and effectiveness of programs implemented in real-world community settings \[[@CR27], [@CR28]\]. The detailed definitions and levels of measurement for the RE-AIM dimensions are described in [Appendix 1](#Sec16){ref-type="sec"}: Table 9. This evaluation included qualitative and quantitative measures pertinent to the five dimensions of RE-AIM to assess program implementation over the 4-year funding period.

The present work describes the results of the evaluation of funded organizations' collective efforts and subsequent lessons learned in scaling up and sustaining the National DPP. The primary objective of this study is to describe program reach, adoption, and maintenance. This study also aims to assess associations between site-level factors and program effectiveness in terms of three outcomes: overall program attendance, attendance in months 7--12, and duration of participation.

Methods {#Sec2}
=======

Design and setting of the study {#Sec3}
-------------------------------

### Population and data sources {#Sec4}

A total of 165 CDC-recognized organizations (i.e., sites) were established by the six funded national organizations across the 4-year implementation period (October 1, 2012--September 30, 2016); one site closed without submitting program data, and 28 sites did not submit data during the study period, leaving 136 sites for evaluation ([Appendix 2](#Sec17){ref-type="sec"}: Fig. 2). By the end of year 4, 14,876 eligible participants had enrolled and attended at least one session at these funded sites. Participant eligibility was based on either self-report or laboratory data from a recent blood test indicating prediabetes (100--125 mg/dl fasting glucose, 140--199 mg/dl 2-h glucose tolerance test, or 5.7--6.4 HbA1c), a previous diagnosis of gestational diabetes mellitus (GDM), or a positive screen on the CDC prediabetes screening test or the American Diabetes Association (ADA) type 2 diabetes risk test \[[@CR20]\]. The number of sites participating in the evaluation at any point in time varied across the 4 years (68--132) for several reasons, including new sites were added each year; some sites became independent and continued to deliver the National DPP LCI without cooperative agreement funding; and some sites stopped delivering the program.

Descriptive analyses include program data from the evaluation (*n* = 164 sites), progress reports (*n* = 6 funded national organizations), and data from participants who attended their first session during the implementation period (14,876 eligible individuals at 136 sites). Multilevel analyses include data from sites that had implemented the National DPP LCI for at least 12 months before the end of the evaluation period (*n* = 132) and from participants who attended their first session no later than 1 year before the end of the evaluation period (*n* = 13,767), to evaluate their performance over the yearlong program.

### Measures and instrument development {#Sec5}

The national evaluation framework and accompanying qualitative and quantitative measures were developed by an advisory group made up of CDC staff and external stakeholders. The RE-AIM framework was used to guide instrument development and subsequent enhancements in years 1 and 2 of the funding period, with input from the national organizations and their associated CDC-recognized organizations. The final instruments for data collection from national organizations (Additional file [1](#MOESM1){ref-type="media"}) and affiliate sites (Additional file [2](#MOESM2){ref-type="media"}) were approved by the Office of Management and Budget (OMB No. 0920-1090; Exp. Date 12/31/2018) in 2015 \[[@CR29]\].

The five dimensions of RE-AIM were operationalized for this evaluation as follows. *Program adoption* was measured as the number of CDC-recognized organizations (i.e., sites) offering the LCI, the number of classes offered, the number of new employers offering the LCI on site, the number of employers offering the program as a covered health or wellness benefit for eligible employees, and the number of employees covered by the benefit. *Implementation* was assessed by key features of program delivery: participant recruitment strategies, adaptations made during delivery to meet specific needs of participants, and incentives or behavioral techniques to engage participants or remove barriers. *Maintenance* was defined as the extent to which programs had potential for sustainability, measured by the number of delivery sites achieving full CDC recognition, the number of sites continuing to deliver the program without cooperative agreement funding, and organizational and financial support or program reimbursement from private or public payers. *Reach* was defined as the absolute number and diversity of individuals participating in the program. Characteristics of participant reach included age, gender, race/ethnicity, body mass index (BMI), and eligibility determination. *Effectiveness* was measured by overall participant attendance (number of sessions attended in months 1--12), participant attendance in months 7--12, and duration of participation (days from first to last session within the 12-month program) among eligible participants attending at least one session at sites that offered the LCI for at least 12 months.

*Participant characteristics* were stratified based on sex (male and female), age category at enrollment (18--44, 45--64, and 65+), race/ethnicity (Hispanic, non-Hispanic white, non-Hispanic black, and other), prediabetes eligibility (based on a blood test, previous diagnosis of GDM, or a risk test only), and baseline BMI category (underweight/normal \< 25 kg/m2, overweight 25--29 kg/m2, and obesity ≥ 30 kg/m2). The "other" race/ethnicity category includes multiracial, non-Hispanic Asian, non-Hispanic Native Hawaiian/Pacific Islander, non-Hispanic American Indian or Alaska Native, and not reported.

### Data collection {#Sec6}

Findings presented in this paper are from program evaluation data and progress reports submitted annually by the six funded national organizations and their affiliated CDC-recognized organizations and from corresponding participant-level data submitted by the funded sites as part of the CDC recognition process. Evaluation data were extracted and validated by two independent evaluators (KN and SJ), who also provided evaluation technical assistance on data reporting and submission via webinars and ongoing consultation (Additional file [3](#MOESM3){ref-type="media"}). For CDC recognition, participant-level data were checked through a series of validations for inconsistent/incomplete reporting by trained statisticians who assisted the sites in correcting and resubmitting their data (Additional file [4](#MOESM4){ref-type="media"}). The six national organizations and their associated CDC-recognized organizations submitted program-level data each year with a 99.3% completion rate for evaluation data, and 100% completion rate for progress reports and participant-level data.

### Statistical analyses {#Sec7}

Descriptive statistics (frequencies, means, and ranges) were used to describe program characteristics and outcomes of interest based on the five dimensions of the RE-AIM evaluation framework. Multilevel mixed-effects linear regression analyses, with robust standard error and accounting for national organization-level clustering using a compound symmetry correlation matrix, were used to examine the association between participant-level demographics and site-level implementation strategies and the three primary outcomes (participant overall attendance, attendance in months 7--12, and duration of participation). Forward selection was used to select parsimonious models. Interactions were also tested, and those that were statistically significant at *p* \< 0.05 were included in the final models. The Bayesian Information Criterion was used to assess model fit. All analyses were completed in 2017 using SAS 9.3. ArcGIS 10.5.1 was used to create a map. No individual identifiers were reported to CDC, and this study---a project led by CDC with the Research Triangle Institute (RTI) as its contractor---was determined by CDC's and RTI's Institutional Review Boards not to be research involving human subjects.

Results {#Sec8}
=======

The results are presented according to the principles of the RE-AIM framework. We present data on program adoption, implementation, and maintenance as well as information on program reach to participants and program effectiveness regarding site-level factors associated with participant overall attendance, attendance in months 7--12, and duration of participation.

Program adoption {#Sec9}
----------------

There was an increase in the number of sites from 68 in year 1 to 132 in year 4, with a total of 164 sites, funded (Table [1](#Tab1){ref-type="table"}). The number of classes offered by these sites increased from 147 in year 1 to 463 in year 4, with a total of 1,239 classes (Table [1](#Tab1){ref-type="table"}). Funded sites were located in 38 states, with the greatest number in Michigan (14), Washington (14), Florida (13), and Tennessee (10); these four states, plus Colorado, also enrolled the highest number of eligible participants per state (≥ 1500) (Fig. [1](#Fig1){ref-type="fig"}). By September 2016, the funded sites had enlisted 198 employers to offer the CDC-recognized LCI on site; 27,440 employer groups, including some third-party administrator employer accounts, provided coverage for a total of 5,013,449 employees as a health or wellness benefit (Table [1](#Tab1){ref-type="table"}). Table 1Characteristics of program adoption among funded sites (*n* = 164)Year 1Year 2Year 3Year 4TotalNumber of funded sites per year^1^6870117132164^\*^Number of classes offered^2^1472693604631239Number of new employers offering the National DPP lifestyle change intervention (LCI) on site^2^192011742198Number of new employers offering the National DPP lifestyle change intervention (LCI) as a covered health or wellness benefit for eligible employees^2^----13,68113,75927,440Number of employees with the National DPP lifestyle change intervention (LCI) as a covered health or wellness benefit^3^362,7331,150,5621,772,5291,724,9255,013,449Funded Sites = CDC-recognized organizations delivering the National Diabetes Prevention Program lifestyle change intervention that were funded through the CDC's Cooperative Agreement DP12-1212^1^Source: DP12-1212 program evaluation data, October 1, 2014--September 30, 2016, and DPRP data, October 1, 2012--September 30, 2016^2^Source: DP12-1212 national organizations' annual progress reports, September 29, 2012--September 30, 2016\*Total number of sites ever funded by the end of the fourth year funding period. Some sites received funding for only one year, while others for multiple years--Data not available or not applicable Fig. 1Total number of funded sites^1^ from years 1 to 4 and participants enrolled by state, September 30, 2016: ^1^Funded Sites = CDC-recognized organizations delivering the National Diabetes Prevention Program lifestyle change intervention that were funded through the CDC's Cooperative Agreement DP12-1212. Note: The number in each state represents number of funded sites; participant eligibility was based on a blood test indicating prediabetes, a diabetes risk test, or a previous diagnosis of gestational diabetes mellitus

Program implementation {#Sec10}
----------------------

Table [2](#Tab2){ref-type="table"} describes key features of program implementation (recruitment strategies, delivery adaptations, and incentives) among the 164 sites. The majority of sites (90.2%) used a mass media recruitment strategy, such as distributing marketing materials or social media postings. Most (70.1%) reported using a healthcare-based strategy, such as establishing contacts via healthcare provider lists of potential participants or recruiting providers to send postcards/letters during and after patient visits and/or through screenings. Most sites (63.4%) also reported using small media strategies, such as conducting or participating in health fairs or other local events. Less than a third (29.9%) reported participant self-referral or word of mouth as a recruitment strategy. Table 2Program implementation characteristics among funded sites (*n* = 164)Implementation strategiesSites reporting (*n*, %)Recruitment strategies*n* = 164^1^ Self-referral or word of mouth49 (29.9%) Referral from healthcare providers or systems115 (70.1%) Mass media148 (90.2%) Small media104 (63.4%)Delivery adaptations*n* = 107^2^ Using cultural themes, images, or sayings; or incorporating cultural dietary restrictions or preferences40 (37.4%) Delivering the program bilingually or using a language other than English22 (20.6%) Other adaptations12 (11.2%)Incentives*n* = 150^3^ Non-monetary incentive118 (78.7%) Monetary incentives32 (21.3%) Removal of barriers to access29 (19.3%)Source: DP12-1212 program evaluation data, October 1, 2012--September 30, 2016Funded Sites = CDC-recognized organizations delivering the National Diabetes Prevention Program lifestyle change intervention that were funded through the CDC's Cooperative Agreement DP12-1212^1^Question asked in years 1--4^2^Question asked in years 3 and 4 and for sites existing in the previous year only^3^Question asked in years 3 and 4 onlyNote: Sites implemented more than one strategy per category

Another implementation strategy involved delivery adaptations, in which the sites adjusted program delivery to meet specific needs of participants without deviating from the core components of the LCI and the DPRP Standards. Such adaptations included using cultural themes, images, or sayings, or incorporating cultural dietary restrictions or preferences (37.4% of sites); delivering the program bilingually or in a language other than English (20.6%); or making other adaptations, such as addressing different preferences among male and female participants (11.2%).

Many sites reported using different types of program-funded incentives that were not supported by federal funding, to increase participant enrollment and retention. Three categories of incentives used were non-monetary incentives, such as gym memberships, pedometers, food-measuring devices, or cookbooks (78.7%); monetary incentives, such as coupons or gift cards (value less than \$25) (21.3%); and incentives to remove barriers to program access, such as providing child care or transportation passes (19.3%).

Maintenance {#Sec11}
-----------

By September 2016, 33 (25%) of the 132 sites with 12 or more months of participant data had achieved full CDC recognition, and 34 sites were no longer funded, 30 of which because they were self-sustaining and no longer needed cooperative agreement funding (Table [3](#Tab3){ref-type="table"}). The number of private insurers and public payers covering the National DPP LCI grew each year. In year 1, nine private insurers and one public payer began offering coverage for their members, employees, and beneficiaries. During years 2 and 3, 26 additional private insurers and six additional public payers (mainly through state or local government employee coverage) added coverage. By the end of the project, a total of 42 private insurers and seven public payers offered coverage for their members, employees, and beneficiaries. Table 3Characteristics of program maintenance among funded sites (*n* = 164)Year 1 (*n* = 68 sites)Year 2 (*n* = 70 sites)Year 3 (*n* = 117 sites)Year 4 (*n* = 132 sites)Total (*n* = 164 sites)Number of sites with 12+ months of data--6870117132Number (%) of sites achieving full CDC recognition--1 (1.5%)20 (28.6%)32 (27.4%)33 (25.0%)Number of sites no longer receiving funding--091334Number (%) of sites continuing with CDC recognition but no longer receiving DP12-1212 funding--0 (0%)2 (22.2%)6 (46.2%)30 (88.2%)Number of new private insurers covering the National DPP LCI9521742Number of new public payers covering the National DPP LCI10607Funded sites = CDC-recognized organizations delivering the National Diabetes Prevention Program lifestyle change intervention that were funded through the CDC's Cooperative Agreement DP12-1212Source: DP12-1212 program evaluation data, October 1, 2014--September 30, 2016, and DPRP data, October 1, 2012--September 30, 2016--Data not available or not applicable

Reach {#Sec12}
-----

The total number of eligible participants across the 4 years of the program was 14,876, with 59.1% eligible based on a blood test or previous diagnosis of GDM and the remaining 40.9% eligible based on the CDC prediabetes screening test or ADA type 2 diabetes risk test (Table [4](#Tab4){ref-type="table"}). The mean age of eligible participants was 56, with an interquartile range of 18. Thirty-nine percent of participants were non-Hispanic white, 12.3% non-Hispanic black, and 11.2% Hispanic, and 37.5% reported other or did not report their race/ethnicity. The majority of participants were female (80.0%), and the majority (63.2%) had obesity, while an additional 29.7% were overweight. Table 4Reach of the program in funded sites: eligible participant characteristics (*n* = 14,876)Participant characteristicsAverage or number (percentage)Age (Mean, interquartile range)56 (47--65)Race/ethnicity Non-Hispanic white5803 (39.0%) Non-Hispanic black1831 (12.3%) Hispanic1664 (11.2%) Other/not reported^1^5578 (37.5%)Sex Male2968 (20.0%) Female11,904 (80.0%)Prediabetes eligibility determination Blood test or history of GDM8797 (59.1%) Prediabetes risk test6079 (40.9%)Body mass index (BMI) Underweight/normal\*1024 (7.1%) Overweight4281 (29.7%) Obesity9103 (63.2%)Source: DPRP data include participants who attended their first session between October 1, 2012 and September 30, 2016Funded sites = CDC-recognized organizations delivering the National Diabetes Prevention Program lifestyle change intervention that were funded through the CDC's Cooperative Agreement DP12-1212Eligible based on a blood test indicating prediabetes, diabetes risk test, or previous diagnosis of gestational diabetes^1^Other includes multiracial, non-Hispanic Asian, non-Hispanic Native Hawaiian/Pacific Islander, non-Hispanic American Indian or Alaska Native, or not reported\* The data were analyzed in 2017 under the 2015 DPRP Standards that included eligible participants with a BMI ≥ 24 kg/m^2^ (≥ 22 kg/m^2^, if Asian)

Effectiveness {#Sec13}
-------------

Results from multilevel analyses showed that sites using self-referral or word of mouth as a recruitment strategy were more likely to have higher average participant attendance (increased by 1.4 sessions), attendance in months 7--12 (increased by 0.6 session), and duration of participation (increased by 23 days) over the yearlong LCI, compared with sites that did not use this strategy (Table [5](#Tab5){ref-type="table"}). Sites receiving referrals from healthcare providers/systems had higher participant attendance in months 7--12 (increased by 0.5 session) and longer duration of participation (increased by 34 days) (Table [6](#Tab6){ref-type="table"}). Sites that offered non-monetary incentives to participants (Table [7](#Tab7){ref-type="table"}), and sites adapting program delivery to address participants' specific cultural needs or preferences (Table [8](#Tab8){ref-type="table"}), had significantly higher overall participant attendance, attendance during months 7--12, and duration of participation, compared with those that did not use such strategies. However, sites using language adaptations, such as delivering the CDC-recognized LCI in a language other than English, or bilingually, had significantly lower overall participant attendance, attendance during months 7--12, and duration of participation, compared with those that did not (Table [8](#Tab8){ref-type="table"}). Nonprofit organizations and insurers tended to have lower participant attendance in months 7--12 and shorter duration of participation, compared with healthcare-based organizations (Tables [7](#Tab7){ref-type="table"} and [8](#Tab8){ref-type="table"}). Table 5Impact of self-referral/word of mouth on measures of participant attendance and participation duration \[*n* (participants) = 13,352; *n* (sites) = 132\]Change in number of visitsDuration of participation (days)Any participant attendanceParticipant attendance in months 7--12Site characteristics Recruitment strategy: self-referral or word of mouth1.4\*0.6\*23.2\*Participant characteristics Race/ethnicity: Hispanic^1^− 0.6\*0.10.8 Race/ethnicity: non-Hispanic Black^1^− 0.8\*− 0.2\*− 10.9\* Race/ethnicity: non-Hispanic other^1^− 0.6\*− 0.1\*− 7.1\* Prediabetes eligibility determination: prediabetes risk test^2^− 0.7\*− 0.1\*− 11.5\* Age 18--44 years^3^− 2.8\*− 0.6− 41.6\* Age 45--64 years^3^− 1.2\*− 0.2− 17.8\* Male^4^0.20.02.1 BMI: underweight/normal^5^0.10.22.8 BMI: overweight^5^0.3\*0.1\*7.1\*Source: DP12-1212 program evaluation data, October 1, 2014--September 30, 2016; DPRP data includes eligible participants who attended their first session between October 1, 2012, and September 30, 2015\**p* \< 0.05^1^Reference group: non-Hispanic white^2^Reference group: blood test or history of gestational diabetes mellitus^3^Reference group: 65+ years^4^Reference group: female^5^Reference group: had obesity Table 6Impact of healthcare referral on measures of participant attendance and participation duration \[*n* (participants) = 13,352; *n* (sites) = 132\]Change in number of visitsDuration of participation (days)Any participant attendanceParticipant attendance in months 7--12Site characteristics Recruitment strategy: healthcare referral1.00.5\*33.7\*Participant characteristics Race/ethnicity: Hispanic^1^− 0.6\*0.10.9 Race/ethnicity: non-Hispanic Black^1^− 0.8\*− 0.2\*− 10.9\* Race/ethnicity: non-Hispanic other^1^− 0.6\*− 0.1\*− 7.0\* Prediabetes eligibility determination: prediabetes risk test^2^− 0.6\*− 0.1\*− 11.5\* Age 18--44 years^3^− 2.8\*− 0.6\*− 41.6\* Age 45--64 years^3^− 1.2\*− 0.2\*− 17.8\* Male^4^0.20.02.1 BMI: underweight/normal^5^0.10.22.8 BMI: overweight^5^0.3\*0.13\*7.1\*Source: DP12-1212 program evaluation data, October 1, 2014--September 30, 2016; DPRP data includes eligible participants who attended their first session between October 1, 2012 and September 30, 2015\**p* \< 0.05^1^Reference group: non-Hispanic white^2^Reference group: blood test or history of gestational diabetes mellitus^3^Reference group: 65+ years^4^Reference group: female^5^Reference group: had obesity Table 7Impact of incentives on measures of participant attendance and participation duration \[*n* (participants) = 13,352; *n* (sites) = 132\]Change in number of visitsDuration of participatio*n* (days)Any participant attendanceParticipant attendance in months 7--12Site characteristics Incentive: monetary− 0.0− 0.2− 2.6 Incentive: non-monetary1.8\*0.6\*27.8\* Incentive: removal of program participation barriers− 1.0− 0.1− 8.3 Site description: nonprofit organization^1^− 1.9\*− 0.9\*− 38.1\* Site description: educational^1^− 0.1− 0.3− 6.1 Site description: governmental^1^− 0.8− 0.6− 34.4 Site description: insurer^1^− 1.5− 1.0\*− 57.0\* Site description: business^1^1.30.113.0Participant characteristics Race/ethnicity: Hispanic^2^− 0.6\*0.11.2 Race/ethnicity: non-Hispanic Black^2^− 0.8\*− 0.2\*− 10.5\* Race/ethnicity: non-Hispanic other^2^− 0.6\*− 0.1\*− 6.5\* Prediabetes eligibility determination: prediabetes risk test^3^− 0.6\*− 0.1\*− 11.2\* Age 18--44 years^4^− 2.8\*− 0.6\*− 41.8\* Age 45--64 years^4^− 1.2\*− 0.2\*− 18.0\* Male^5^0.20.02.1 BMI: underweight/normal^6^0.10.22.8 BMI: overweight^6^0.3\*0.1\*7.1\*Source: DP12-1212 program evaluation data, October 1, 2014--September 30, 2016; DPRP data includes eligible participants who attended their first session between October 1, 2012, and September 30, 2015\* *p* \< 0.05^1^Reference group: healthcare-based site^2^Reference group: non-Hispanic white^3^Reference group: blood test or history of gestational diabetes mellitus^4^Reference group: 65+ years^5^Reference group: female^6^Reference group: had obesity Table 8Impact of delivery adaptation on measures of participant attendance and participation duration \[*n* (participants) = 13,352; *n* (sites) = 132\]Change in number of visitsDuration of participation (days)Any participant attendanceParticipant attendance in months 7--12Site characteristics Curriculum adaptation: language− 1.9\*− 0.7\*− 32.4\* Curriculum adaptation: cultural or other1.4\*0.7\*29.5\* Site description: nonprofit organization^1^− 1.5\*− 0.7\*− 28.8\* Site description: educational^1^− 0.5− 0.2− 7.2 Site description: governmental^1^0.0− 0.3− 18.1 Site description: insurer^1^− 1.5− 0.8− 53.3\* Site description: business^1^0.7− 0.13.7Participant characteristics Race/ethnicity: Hispanic^2^− 1.0\*− 0.0− 8.8 Race/ethnicity: non-Hispanic Black^2^− 1.3\*− 0.2\*− 15.0\* Race/ethnicity: non-Hispanic other^2^− 0.6\*− 0.1− 7.0\* Prediabetes eligibility determination: prediabetes risk test^3^− 0.6\*− 0.1\*− 11.3\* Age 18--44 years^4^− 2.8\*− 0.6\*− 42.1\* Age 45--64 years^4^− 1.2\*− 0.2\*− 18.0\* Male^5^0.20.12.2 BMI: underweight/normal^6^0.10.22.6 BMI: overweight^6^0.3\*0.1\*7.1\*Interaction (site and participant characteristics) Cultural or other adaptation\*Hispanic1.0\*0.220.9\* Cultural or other adaptation\*non-Hispanic Black1.1\*0.111.1 Cultural or other adaptation\*non-Hispanic other− 0.0− 0.10.6Source: DP12-1212 program evaluation data, October 1, 2014--September 30, 2016; DPRP data includes eligible participants who attended their first session between October 1, 2012 and September 30, 2015\**p* \< 0.05^1^Reference group: healthcare-based site^2^Reference group: non-Hispanic white^3^Reference group: blood test or history of gestational diabetes mellitus^4^Reference group: 65+ years^5^Reference group: female^6^Reference group: had obesity

At the participant level, those who were younger (vs. age 65+), were not non-Hispanic white, and were eligible based on a risk test (vs. a blood test or previous diagnosis of GDM) tended to have lower attendance and duration (Tables [5](#Tab5){ref-type="table"}, [6](#Tab6){ref-type="table"}, [7](#Tab7){ref-type="table"}, and [8](#Tab8){ref-type="table"}). In addition, participants who were overweight had significantly higher attendance, attendance in months 7-12, and duration of participation, compared with those who had obesity (Tables [5](#Tab5){ref-type="table"}, [6](#Tab6){ref-type="table"}, [7](#Tab7){ref-type="table"}, and [8](#Tab8){ref-type="table"}). There were no significant differences among male and female participants (Tables [5](#Tab5){ref-type="table"}, [6](#Tab6){ref-type="table"}, [7](#Tab7){ref-type="table"} and [8](#Tab8){ref-type="table"}). However, Hispanic participants who attended the LCI at sites that used cultural adaptations had higher attendance and duration of participation than those at sites that did not use cultural adaptations; non-Hispanic black participants who attended the LCI at sites using cultural adaptations had higher attendance than those at sites that did not (Table [8](#Tab8){ref-type="table"}).

Discussion {#Sec14}
==========

Over the 4-year funding period, the six national organizations established a total of 164 new CDC-recognized organizations across 38 states, providing 1,239 LCI classes and enrolling nearly 15,000 participants. This represented 10% of all sites and 17% of all eligible participants in the DPRP as of September 2016. In addition, the funded organizations worked with a total of 27,440 new employer groups to offer the National DPP LCI as a covered health or wellness benefit, covering a total of 5,013,449 employees, members, or beneficiaries of whom a subset would be eligible for the program; 198 of these employer groups offered the LCI on site.

Our results suggest that program sustainability was high; one quarter of the funded sites achieved full CDC recognition during the study period, and most sites (88.2%) continued to offer the National DPP LCI and maintain their CDC recognition after funding ended. Additionally, the funded national organizations influenced nearly 50 insurers to cover the program. Beyond the nearly 15,000 people directly served by the funded sites, these changes in coverage have the potential to reach many more people with prediabetes or at high risk for type 2 diabetes.

Although participants were racially diverse (at least 24% reported racial or ethnic minority status), the reach into some underserved population groups was limited (e.g., 20.0% male participants). While this study did not address specific recruitment strategies for men, it showed no statistically significant difference in attendance and duration of participation among men and women. This finding is similar to a systematic review and meta-analysis of gender-specific differences in diabetes prevention, which found no significant differences in incidence of type 2 diabetes and weight change between men and women who received lifestyle interventions \[[@CR30]\]. Several new pilot studies have been adapted from the DPP research study to increase reach in men. For example, "Power Up for Health", a program facilitated by male lifestyle coaches only, was implemented at five different recreation centers located in disadvantaged neighborhoods across New York City \[[@CR31]\]. The study showed improvement in weight loss, depressive symptoms, healthy eating and exercise, and health status of male participants, although recruitment was still challenging \[[@CR31]\]. In focus group interviews, male participants indicated that the all-male aspect of the program and its use of male coaches were main facilitators for participation \[[@CR32]\]. The addition of interactive components such as exercise or healthy cooking demonstrations was also recommended \[[@CR32]\]. Similarly, the adapted Kerala DPP in India incorporated male peer-leaders and offered sessions in the evening and on weekends, which was shown to enhance male participation \[[@CR33]\]. Based on analysis of CDC's DPRP registry as of May 2019, there was increased participation by men (27.4%) in virtual programs, compared with 19.6% of male participants in in-person programs \[[@CR34]\].

To address the gender gap and other priority populations, in 2017 CDC began funding ten national/regional organizations with affiliate program delivery sites in at least three states to start new CDC-recognized organizations in underserved areas through a 5-year cooperative agreement (1705). This new project incorporates lessons learned from the current evaluation to address gaps and aims to identify and evaluate strategies to enroll populations currently under-represented in the program relative to their estimated numbers and disease burden, such as men, Medicare beneficiaries, African-Americans, Asian-Americans, Hispanics, American Indians, Alaska Natives, Pacific Islanders, and people with visual impairment or physical disabilities.

The RE-AIM model provided a solid framework to assess the implementation of this project, and offers a unique contribution to the type 2 diabetes prevention literature. It allowed simultaneous examination of both participant-level outcome data and detailed organizational and site-level data. Although this evaluation focuses on implementation of the National DPP LCI based on the work of six national organizations in the U.S., it provides a practical evaluation framework and pragmatic measures, which can help address gaps in current evaluations of global diabetes prevention interventions \[[@CR35]\]. This evaluation is especially timely, given that the Centers for Medicare & Medicaid Services (CMS) began payment for Medicare participants in CDC-recognized organizations participating in the Medicare Diabetes Prevention Program (MDPP) Expanded Model effective April 1, 2018 \[[@CR36], [@CR37]\]. The MDPP will scale the program to a high risk population of Medicare beneficiaries with reimbursement directly tied to CDC recognition to assure program quality and effectiveness \[[@CR37]\].

Program-funded incentives, non-CDC funded, were frequently used by sites and were effective in increasing program utilization and retaining participants. We also found that non-monetary incentives such as access to physical activity, pedometers, food measuring devices, or cookbooks were significantly associated with better outcomes. Similarly, recent findings from the 2017 "We Can Prevent Diabetes" trial \[[@CR38]\], a collaborative approach with primary care clinics and the YMCA aimed at Medicaid beneficiaries, found that both monetary and gift card incentives increased enrollment, attendance, and weight loss among low-income, high-risk participants in a yearlong type 2 diabetes prevention program \[[@CR38]\]. It is also important to note that there was mixed evidence in the literature on various types of incentives used to promote public health interventions among different populations. For example, Sen et al. studied the effectiveness of two lottery incentives (expected daily value of \$2.80 vs. \$1.40) for improving adherence to remote-monitoring regimens among patients with poorly controlled diabetes and found no difference in adherence between the two incentive arms \[[@CR39]\]. However, the low incentive arm had better monitoring rates relative to controls and had significantly better efficacy than the higher incentive arm once incentives were removed \[[@CR39]\]. A systematic review of impact of financial incentives on the implementation of asthma or diabetes self-management showed mixed results on diabetes control impact, but there was evidence in improved process and health outcomes in asthma control \[[@CR40]\]. A randomized controlled trial comparing the effectiveness of individual vs. team-based financial incentives to increase physical activity showed that financial incentives awarded for a combination of individual and team performance were most effective for increasing physical activity \[[@CR41]\].

Funded sites frequently implemented cultural adaptations to address participants' needs or preferences, which were positively associated with participants' overall attendance, attendance in months 7--12, and duration of participation. This finding is consistent with Chesla et al., who adapted the CDC-approved Group Lifestyle Balance curriculum for Chinese Americans with prediabetes, resulting in greater achievement of the 5% weight loss goal when compared to Chinese Americans receiving a non-adapted curriculum \[[@CR42]\]. We did not, however, find improved results among sites that used language adaptations. In contrast, a systematic review of studies on translated versions of the DPP curriculum in various communities found that translation strategies, including use of bilingual study personnel, had positive results \[[@CR43]\]. Further, Taylor et al. identified low literacy and language difficulties as barriers to successful delivery of the DPP to vulnerable and disadvantaged adults and found tailored and flexible program design to be facilitators \[[@CR44]\]. Our study did not collect information on lifestyle coaches' bilingual status, and participants' socioeconomic status may have been correlated with other barriers to accessing the LCI. To further investigate these issues, CDC plans to assess factors related to lifestyle coaches' qualifications, training, and language use in a rigorous evaluation of the new cooperative agreement, 1705. In addition, CDC added an education level as a required data field in the new 2018 DPRP Standards to better assess participants' socioeconomic status \[[@CR20]\].

While few sites (29.9%) reported using self-referral or word of mouth as a recruitment strategy, those that did found it to be effective in retaining participants. In addition, sites receiving referrals from healthcare providers/systems had higher participant attendance and longer duration of participation. However, detailed information on how sites implemented these referral strategies was not collected in this study. These results support a systematic review from the Community Preventive Services Task Force \[[@CR45]\] and subsequent 2015 recommendation from the U.S. Preventive Services Task Force for clinicians to screen and refer patients at risk to intensive behavioral counseling interventions that promote a healthful diet and physical activity \[[@CR46]\]. The ADA followed in 2016 with recommendations that patients with prediabetes be referred to an intensive diet and physical activity behavioral counseling program \[[@CR47], [@CR48]\].

At the participant-level, those who were younger (18--44 and 45--64) had significantly lower overall attendance, attendance in months 7--12, and duration of participation than those 65 years and older. This finding is consistent with a study of a multisite diabetes prevention translational project among American Indians and Alaska Natives showing that younger participants were at higher risk for both short-term (not completing all 16 weekly sessions) and long-term (loss to follow-up) retention failure \[[@CR49]\]. This finding is also consistent with another study of a similar program in the UK, which found that attendance per 100,000 population was significantly higher as age increased \[[@CR50]\]. Despite limited studies comparing retention strategies among younger vs. older participants, results from alternative delivery modalities such as mobile phone-based (i.e., mHealth) or other technology-assisted interventions seem encouraging as a means to reach and engage younger adults. For example, a randomized controlled trial was conducted to assess autonomous motivation and healthy behaviors among young adults with prediabetes who previously declined participation in a diabetes prevention program offered at no cost \[[@CR51]\]. The study showed that retention was significantly higher among participants who received an app plus a physical activity tracker and wireless enabled digital scale than participants in the other two study arms combined \[[@CR51]\]. These findings offer insight on potential approaches to engage more young adults in the National DPP LCI.

Although Hispanics and non-Hispanic blacks had lower overall attendance than non-Hispanic whites, those who attended the LCI at sites that used cultural adaptations actually had higher attendance compared with those who attended at sites that did not use cultural adaptations. This finding is consistent with a study on community-based translation of the DPP's lifestyle intervention in an underserved Latino population \[[@CR52]\]. Ruggiero et al. found statistically significant improvements in anthropometrics and behavioral outcomes as well as consistent participant attendance rates with other community-based lifestyle intervention programs focused on type 2 diabetes prevention \[[@CR52]\].

Finally, this study found that participants who were overweight had significantly higher overall attendance, attendance in months 7--12, and duration of participation, compared with those who had obesity. This finding is consistent with a study of an intensive behavioral intervention for weight management, which found that lower baseline BMI was independently associated with higher retention \[[@CR53]\]. It is also consistent with the Let\'s Prevent Diabetes trial, which found that those who attended all sessions had lower baseline BMI than those who did not \[[@CR22]\].

There are several limitations of this study. First, program implementation data were self-reported by the funded organizations and their delivery sites; however, data reported were rigorously assessed for data quality and completeness through a series of validation checks (Additional files [3](#MOESM3){ref-type="media"} and [4](#MOESM4){ref-type="media"}). Second, program implementation strategies were collected at site-level only, not participant-level. Multilevel statistical modeling at the site and participant-level was used to address intra-class correlation between participants attending the lifestyle change classes at the same sites and clustering between funded national organizations. Third, many sites were no longer funded by the end of year 4, which may limit generalizability of the study. However, the majority (88%) of those sites became self-sustained and continued to offer the program without cooperative agreement funding. Finally, this study is an observational, retrospective evaluation of CDC's funded organizations. There were challenges in reaching some population groups such as males, African-Americans, Asian-Americans, Hispanics, American Indians, Alaska Natives, Pacific Islanders, and people with disabilities. As a result, these groups have been identified as populations of focus in the current cooperative agreement. The results may or may not be generalizable to all population groups and small or local community-based organizations that may not have strong infrastructure or resources.

Findings from this evaluation can assist those offering or supporting the National DPP LCI in increasing participants' retention and thereby potentially improving their weight loss outcomes \[[@CR21]--[@CR23], [@CR54], [@CR55]\] and reducing their risk of developing type 2 diabetes \[[@CR22]--[@CR24], [@CR54], [@CR55]\]. CDC has incorporated lessons learned from this evaluation to inform strategies in its new cooperative agreement (1705) and evaluation framework. Lessons learned from this evaluation were also used to develop and share a variety of technical assistance resources through the National DPP Customer Service Center \[[@CR56]\] with new, established, and potential program delivery organizations, as well as to inform the implementation of the MDPP Expanded Model.

Conclusions {#Sec15}
===========

Results from program adoption at the institutional level, and reach at the participant level, suggest that the National DPP LCI is feasible to implement broadly. In a time of rapid growth for the National DPP, lessons learned from this evaluation may be translated to similar organizations and settings. Findings may also be useful to enhance program implementation for the more than 1600 CDC-recognized organizations operating in the U.S., including those with plans to participate as MDPP suppliers as well as those currently funded through the 1705 cooperative agreement. Effective strategies for increasing participant enrollment and retention in the yearlong lifestyle change intervention have tremendous potential to help these organizations achieve the outcomes proven to prevent or delay onset of type 2 diabetes in those at highest risk.
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Table 9The RE-AIM dimensions: definitions and levels of measurementRE-AIM dimensionDefinitionLevel of measurementReachThe absolute number, proportion, and representativeness of individuals who are willing to participate in a given initiativeIndividualEffectivenessThe impact of an intervention on important outcomes, including potential negative effects, quality of life, and economic outcomesIndividualAdoptionThe absolute number, proportion, and representativeness of settings and intervention agents (people who deliver the program) who are willing to initiate a programStaff and OrganizationalImplementationThe intervention agents' fidelity to the various elements of an intervention's protocol, including consistency of delivery as intended and the time and cost of the interventionStaff and OrganizationalMaintenanceThe extent to which a program or policy becomes institutionalized or part of routine organizational practices and policies at the setting-level. At the individual level, maintenance is defined as the long-term effects of a program on outcomes 6 or more months after the most recent intervention contactIndividual and OrganizationalSee ref. \[[@CR28]\]
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Fig. 2Flow chart for analysis sample. ^1^Participant eligibility was based on a blood test indicating prediabetes, a diabetes risk test, or a previous diagnosis of gestational diabetes mellitus
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